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AERONOISE TEST RESULTS USING A 0.040-SCALE SPACE 

SHUTTLE VEHICLE CONFIGURATION 2A MODEL (11-OTS) I N  

THE AMES RESEARCH CENTER UNITARY PLAN W I N D  TUNNELS 

(ISlA/B/C AND O S 3 )  

by 

B. J. Herrera, Rockwell In t e rna t iona l  

ABSTRACT 

Fluctuating pressure (aeronoise) d i s t r i b u t i o n s  on the  space s h u t t l e  

launch vehicle  and o r b i t e r  were obtained i n  the  Ames Research Center 

Unitary Plan Wind Tunnels. These tests were conducted a t  Mach numbers 

ranging from 0.6 t o  3.5 f o r  the f i r s t  s t a g e  launch configurat ion and a t  

Mach numbers from 2.5 t o  3.5 for  t h e  e n t r y  configuration. Tabulated d a t a  

are no t  ava i l ab le  f o r  t h i s  repor t .  
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NOMENCLATURE 

SYMBOL 

a 

Ci 

cP 

cPRMSi 

qFLT 

Ri 

RN/L 

v 

‘i 

R t  

0 

DEFINITION 

speed of sound; m/sec, ft/sec 

Beckman counts of the calibration reading 
(0.500 valt RMS) 

pressure coefficient; (pl - poo)/q 
RMS pressure coefficient 

flight dB level 

tunnel dB level 

Beckman counts of the gain reading 

amplifier gain for channel i 

RMS-Beckman count calibration factor 

transducer sensitivity 

Mach number; V/a 

pressure; N/m2, psf 

flight RMS pressure 

dynamic pressure; 1/2pV2, N/m2, psf 

flight dynamic pressure, psf 

RMS Beckman counts 

unit Reynolds number; per m, per ft 

velocity; m/sec, ft/sec 

first digit of gi 

angle of attack, degrees 

<Hg tunnel szagnation pressure,.in. 
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SYMBOL 

B 

P 

RYS 

9 

SUBSCRIPTS 

0 

T 

S 

NOMENCLATURE (Concluded) 

DEFINITION 

ang le  of s i d e s l i p ,  deg rees  

mass d e n s i t y ;  kg/m3, s l u g s / f  t 3  

r o o t  mean square 

r a d i a l  l o c a t i o n  of o r i f i c e ,  0' a t  bottom CL 
looking a f t  

l o n g i t u d i n a l  s t a t i o n  

l a t e r a l  s t a t i o n  

v e r t i c a l  s t a t i o n  

o r b i t e r  

e x t e r n a l  tank 

s o l i d  r o c k e t  boos t e r  
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INTRODUCTION 

This r e p o r t  presents  test information f o r  aeronoise tests ISlA/B/C 

and OS3 conducted i n  the  NASA Ames Research Center Unitary Plan Wind 

Tunnels (UPWT). 

pressure (aeronoise) environment of t he  space s h u t t l e  launch veh ic l e  

during transonic and supersonic phases of ascent  (ISlA/B/C) and of the 

o r b i t e r  during the  supersonic phase of en t ry  (OS3).  The model used i n  

these tests w a s  a 0.04-scale r e p l i c a  of the  space s h u t t l e  launch v e h i c l e  

designated 11-OTS. This model w a s  instrumented with dynamic pressure 

transducers (microphones) t o  obtain the  f l u c t u a t i n g  component of t h e  

su r face  pressure.  

The purpose of t hese  tests w a s  t o  measure the  f l u c t u a t i n g  

5 



CO"IGURWI0111s INVESTIGATED 

'IFne model used f o r  tests ISU/B/C and OS3 was an 9 . 0 b - s c a l e  space 

s h u t t l e  integrated vehic le  model designated 11-OTS. !Che model consis ted 

of t he  o rb i t e r ,  

t h e  basel ine 2A 

forward and a f t  

ex te rna l  tank and two s o l i d  rocket  boosters  designed t o  

mold l i n e s  wi th  modifications as given i n  Table 111. The 

o r b i t e r  - ET a t t ach  s t r u c t u r e s  were simulated. The 

elevons and rudder were fixed a t  0' def lec t ion ;  the  body flap had t h e  

capab i l i t y  of 3 and +loo def lec t ion .  

General arrangement f o r  the o r b i t e r  and the in tegra ted  vehicle i s  

shown on Figures la and lb. All model components w e r e  f ab r i ca t ed  from 

aluminum a l l o y  except t h e  main and secondary s t i n g  which were s t a i n l e s s  

steel. A l l  components were designed f o r  a load-safety f a c t o r  of five 

bases on ul t imate  s t rength  an6 th ree  based on y i e ld  strength. 

Model nomenclature i s  as follows: 

Component Deflni  t i o n  

Modified 2A fuselage body. Manipulator 
housing has been removed from the base l ine  
2A f'uselage l i n e s  drawing VL70-OOOO93. 

B18 

v7 

Modifled 2A canopy. Manipulator housing 
f a i r i n g  has been removed f r o m  the base l ine  
2 A  canopy lines draW3-W VL70-0090g4. 

Baseline body f l a p  pe r  l i nea  drawing 
VL70-0DG094 

Modified o r b i t a l  maneuvering subsystem 
(W) pods. S l i g h t  modifications t o  af t  
face were made f o r  ease of construct ion;  
otherwiseabasel ine 2A l i n e s  (VL79-090094) 
were followed. 

Vertical t a i l  per l i n e s  VL70-000139. 

6 



Component 

w108 

' 6  

T I O  

COKFIGURATIONS INVESTIGATED (Concluded ) 

Defin i t ion  

Modified 2 A  wing.  
l i n e s  VL70-OO9O93. 

Planform and d ihedra l  p e r  

Solid rocket booster (SRB) pe r  l i n e s  
V L ~ - O O O O l 2  and ~ ~ 7 2 - 0 0 0 0 6 ~ .  

External tank (ET) p e r  l ines  W78-000941. 

Dimensional d a t a  f o r  m o d e l 1 1 - ~ a r e g i v e n  on Table 111. 

Configurations t e s t e d  : 

Configuration Components 

Orbi te r  318 C8 F4 H5 V7 vi08 
Launch Vehicle 1 
bunch Vehicle 2 

Orbiter Ti0 Sg 
Orbiter Ti0 s6 ( S 6  W/shortened SFU3 

s k i r t )  

7 



The model was instrumented with 87 Kul i t e  pressure txansducers. A l l  

transducers were i n s t a l l e d  i n  holders and each one had a l i n e  driver t o  

e l iminate  signal losses  due t o  cable length t o  the d a t a  system. Trans- 

ducer reference l i n e s  were manifolded toge ther  i n s i d e  t h e  m o d e l  and 

vented t o  tne  tunnel supgort s t r u t  stru.cture.  

The number of transducers i n  each 

Orbiter 55 
External Tank 20 
L e f t  SRB I2 

model component was a8 follows: 

The o r b i t e r  transducers were locaved on the  nose, fufselage top,  

bottom and sides,  CI'4.5 pod, v e r t i c a l  t a i1 ,and  wing upper and lower surfaces. 

Locations are shown on Figures 2a and 2b and given in  Table IV. 

The externa l  tank transducers were located on the  left side of the 

tank a t  various longi tudina l  and angular loca t ions .  

on Figure 2c and given i n  Table V. 

Locations are shown 

The l e f t  SRB transducers w e r e  located on t h e  r i g h t  s i d e  of tine SRB 

a t  various longi tudinal  and angular locat ions.  Locations are shown on 

Figure 2d and given i n  Table VI. 

The Kul i te  transducers ubed i n  t h i s  test were model number XCQL-7A- 

and it is not  temperature compensated. 093-4. 

S e n s i t i v i t y  i s  150 - 250 m i l l i v o l t  f u l l  s c a l e  a t  30 v o l t s  Dc exc i t a t ion .  

This m o d e l  is r a t ed  a t  4 ps 

The model was also i n s t m e n t e d  w i t h  an ARC pendulum angle sensor  t o  

ind ica t e  angle of attack i n  the 11 x 11 and 8 x 7 tunnels and y a w  angle  

i n  the  9 x 7 tunnel and a b iax ia l  accelerometer to monitor v i b n t i o n s .  

8 



TEST FACILITIES DESCRIPTION 

Ames 11 x 11-Foot Transonic 

The Ames 11 x 11-Foot Transonic Wind Tunnel is a variable density, 

closed return, continuous flow type. This tunnel has an adjustable 

nozzle (two flexible walls) and a slotted test section to peronit tran- 

sonic testing Over a Mach number range continuously variable f r o m  0.4 to 

1.4. 

h e s  8 x 'I-FOOt Supersonic 

The Ames 8 x ' I - F O O t  Supersonic Wind Tunnel is a closed-return, 

variable-density tunnel with a 8- by 7-foot rectangular test section. 

The nozzle has flexible side walls with fixed upper and lower surfaces. 

Mach number range is continuously varlable f r o m  2.45 to 3.5. 

stagnation pressure can be varied A.om 0.3 to 2.0 atmospheres and 

Reynolds number per foot varies from 1.9 x 10 to 5.0 x 10 . 

Tunnel 

6 6 

Ames 9 x 'I-FOOt Supersonic 

The Ames 9 x 'I-FOOt Supersonic Wind Tunnel is a variable density, 

continuous f l o w  type with an adjustable nozzle to permit supersonic 

testing Over a Mach number range continuously variable from 1.5 to 2.5. 

The nozzle is of the asymmetric, sliding-block type in which the variation 

of the test section Mach number is achieved by translating in the stream- 

wise direction the fixed-contour block that forms the floor of the 

nom le. 

9 



TEST PROCEDURE 

Ins t a l l a t  ion 

Model 11-OTS was s t i n g  mounted through i t s  base.  The primary s t i n g  

supported t h e  o r b i t e r  and t h e  secondary s t i n g  supported t h e  ET/SRB assem- 

b ly .  Each SRB was a t t ached  t o  t h e  ET a t  two p o i n t s .  The forward ET 

a t t a c h  s t r u c t u r e  w a s  used t o  maintain t h e  r e l a t i v e  p o s i t i o n s  of t h e  o rb i -  

t e r  and ET. I n s t a l l a t i o n  photographs are shown i n  F igures  3a through 3d. 

The instrumentat ion l e a d s  were rou ted  through t h e  base  of t h e  o r b i t e r  

and ET and wrapped around t h e  s t i n g .  The l e a d s  were covered w i t h  t a p e  and 

f i b e r g l a s s  f o r  p ro tec t ion .  The model l e a d s  terminated a t  t h e  base  of t h e  

s t r u t  pod where t e rmina l  s t r i p s  were a v a i l a b l e  t o  connect t o  t h e  f a c i l i t y  

d a t a  l i n e s  from t h e  c o n t r o l  room. 

C a l i f ;  ra t ions  

Each p r e s s u r e  t ransducer  w a s  c a l i b r a t e d  p r i o r  t o  i n s t a l l a t i o n  i n  the  

model and a f t e r  hookup t o  t h e  d a t a  system. The c a l i b r a t i o n  range w a s  

- +1.0 p s i .  The t ransducer  e x c i t a t i o n  v o l t a g e  w a s  a d j u s t e d  t o  produce an 

ou tpu t  v o l t a g e  of 50 mvlpsi .  

Operations 

Data were recorded du r ing  two d i s t i n c t  modes of ope ra t ion :  one w a s  

t h e  d i s c r e t e  point  and the o t h e r  w a s  t h e  Mach sweep. The d i s c r e t e  p o i n t  

mode w a s  used on a l l  t h r e e  t e s t  f a c i l i t i e s  and t h e  Mach sweep mode w a s  

used i n  the  11 x 11 f t .  t unne l  only.  

The d i s c r e t e  po in t  mode o p e r a t i n g  sequence w a s  t o  set  up t h e  d e s i r e d  

model a t t i t u d e  and tunne l  c o n d i t i o n s  and then  record t h e  d a t a .  The d a t a  

10 



TEST PROCEDURE (Concluded) 

recording consisted of two cycles. The first cycle was to record the 

tunnel conditions and amplifier gains; the second cycle was to record the 

tunnel conditions and the W data. The aeronoise data were also tape 

recorded during the second cycle. 

The Mach sweep mode operating sequence was to set up the desired 

model attitude and initial tunnel conditions and to record the tunnel 

conditions and amplifier gains. After the presweep data were recorded, 

the Mach number was slowly but steadily increased over a 15 minute time 

period to the tunnel maximum Mach number. During this time period, tunnel 

conditions and RMS data were recorded every 15 seconds and the aeronoise 

data were continuously tape recorded. After the above recordings were 

completed, the tunnel conditions and amplifier gains were recorded. 

11 



The d & t a  system used d u r i n g  tests ISlA/B/C and OS3 consis ted of 

t ransducer  power suppl ies ,  ampl i f ie rs ,  t ape  recorders ,  R4S voltmeters,and 

t h e  facility Beckman system. Tne power suppl ies  provided variable DC 

power f o r  the  transducers and l i n e  drivers. One power supply per  trans- 

ducer was used. The ampl i f ie rs  used were variable ga in  Dc and AC 

cou2led amplif iers ,  most of which had autamatic ga in  cont ro ls .  The 

amplified signal was recoreed on th ree  32 channel magnetic t ape  recorders  

f o r  processing a t  t h e  Dynamics Data lab a t  Space Division. Each reel  of 

tape contained zero and c a l i b r a t i o n  s igna l s .  

a l s o  connected t o  BE meters. The output of t h e  €MS meters was d i g i t i z e d  

The ampl i f i e r  output  was 

by t h e  f a c i l i t y  Beckman system f o r  f u r t h e r  reduction. The Beckman system 

a l s o  recorded t h e  ampl i f ie r  gains  and all t h e  tunne l  operat ing condi t ions.  

Tunnel operating condi t ions were computed using s tandard Ames equations.  

The ampl i f ie r  gains were calculated using t h e  following equation: 

where 

Gi i s  t h e  ampl i f i e r  ga in  f o r  channel i 

Xi i s  the f irst  d i g i t  of g i  

S i  i s  t h e  Beckmac counts of t he  gain reading 

The MS-Beckman count c a l i b r a t i o n  f a c t o r s  were computed with t h e  

following equation: 

12 



DATA REDUCTION (Continued) 

where 

i s  the  RMS-Beckman count c a l i b r a t i o n  f a c t o r  

i s  the  Beciunan counts of t h e  c a l i b r a t i o n  reading Ci 
(9.5m volts EIMS) 

The RMS pressure coef f ic ien t  was calculated w i t h  the following 

equa t i on : 

where 

i s  the  RMS pressure c o e f f i c i e n t  

R i  is t h e  RKS Beckman counts 

KT i s  the  transducer s e n s i t i v i t y  

qm i s  the  t u n e 1  dynamic pressure 

The tunnel  dB l e v e l  was ca lcu la ted  wi th  t he  following equation: 

where 

dBtuni i s  t h e  tunnel dB l e v e l  

pi is  the RMS pressure calculated from 

The f l i g h t  dB l e v e l  is computed from the following equation: 

1 PI i  

x 10-8 
d B f l t  = 23 log1" i 

13 



DATA REDUCTION (Concluded) 

where 

d B f l t i  i s  t h e  f l i g h t  dB level  

P'i is t h e  f l i g h t  RMS p r e s s u r e  c a l c u l a t e d  from 

qmT i s  obta ined  f r o m  Table VI1 "F l igh t  Dynamic 
P res su re  Lookup Table ." 

Tabulat ions of t unne l  cond i t ions  and RMS d a t a  are a v a i l a b l e  f r o m  

t h e  Rockwell I n t e r n a t i o n a l  p r o j e c t  eng inee r s  l i s t e d  on p ii. 

1 4  



1. SD 73-EX-0136, Rockwe11 Report, "Pretest Information for Tests of the 
3.040-Scale Space Shuttle Vehicle Aerodynanic Woise Xodel 11-035 i n  
the Ames Research Center Unitary Plan Wind !Funnels, " by B. J. Harrera, 
dated May 11, 1973. 
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'PARTR T - 

:EST : ISlA/B/C, OS3 1 
7ES7 CONDITIONS 

REYNOLDS NUMBER 
MACh NUMBER 

I I I 
I 1 1 

I I I 

BALANCE UTILIZED: 

NF 
SF 

AF 

PM 

R M  
YM 

CAPACITY: ACCURACY: 
COEFFIC IENT 
TOLERANCE: 
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WLE 111. MODEL DlMEEJsIONAL UTA 

MODEL CCMPONEIQT: BODY - (B18) 
GENERAL DYSCRIPTION: Fuselage, 2A Configuration, Lightwelght Orbiter, 

p e r  Rockwell l ines  VL~O-000989 "B" . 
MODEL SCALE' - 0.040 

DRAWING NUMBER: ~~7Q-000089 "B", VL70-900092, -93. -94 "A" 

DIMENSIONS: 3ULL SCAIIE: MODEL SCALE 

Length - in .  1328.3 53 1329 

Yax Width - i n .  (@ X, = 1528.3) 265 .o 10.60 

248.0 9 920 

Fineness Ratio 5 .012 5.912 

Area - f't2 

Max Depth - in .  (@ X, = 1480.52) 

Max Cross-Sectional 456.4 0.73024 

21 



TABW 111. MODEL DIMZXSIOiUL DATA (Continued) 

MODEL SCAU: 0.940 

DFA’d?I$G “ B E R :  VL7.0-90’3092 

D I K J 3 S I O N S  : 

Length (Sta Fwd Bulkhead) 

M a x  Width (T.E. ’Bulkhead) 

FULL SCALE MODEL SCALE 

391 0 15.640 

560. c) 22.40 
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cy TABL3 I11 . XGIXL DIXE.I?SIOl'.llL DATA (Continued) 

MODEL CCMPONENT: BODY FLAP - (F4) 
GE2ERAL DESCRIPTION: 2 A  con?iguration per NR lines VL'j'0-00009hO. 

Area - ft2 
. Max Cross-Sectional 

Planform 

Wetted 

Bas e 

FULL S C A U  MODEL SCAm 

84.70 3.3880 

265.00 10.60 

142.64 0.22022 

38.65 0.06184 
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TABLE 111. MGDEL DINEXSIGWL DATA (Continued) 

KODEL C CW0N"NT: OMS POD - (M5) 
GLWNiL D S C R I P T I O N :  

VL79-999094A. 

2A lightweight configuration p e r  NR lines 

MCDSL SCALE: 0.040 

EXAiJIKG NITM13ER: vL70-900094A 

i3EfGCi5i OXS : 

Length 

Max Widtn 

Max Depth 

FULL SCALE MODEL SCALE 

346.0 13.840 

108.0 4.320 

113 .c) 4.520 

24 



TABLE 111. MODSL DIMENSIONAL DATA (Continued) 

MODEL COMPONENT: 

GENERAL DESCRIPTION: Center l ine vertical tail, double-wedge a i r f o i l  

VXFQICAL - (V,) Lightweight o r b i t e r  configurat ion 

with rounded leading edge. 

MODEL SCALE: 9.Q49 

DIMENSIONS : 

TOTAL DATA 

Area (Theo.), f t2  
Planform 

Span (Theo. ), i n .  

Aspect Rat io  

Rate of Taper 

Taper Rat io  

Sweep Back Angles, degrees 
Leading Edqe 
T r a i l i n g  Edge 
0.25 Element Line 

Chords: 
Root (Theo.) WP 
Tip (Theo. ) WP 
MAC 
Fus. Sta.  of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

A i r f o i l  Sect ion 
Leading WedTe Angle, deg. 
T r a i l i n g  Wedge Angle, deg. 
Leading Edge Radius 

Void Area 

FULL SCALE MODEL SCALE 

452 92 0.68147 

.404 .404 

45.900 45.003 
26.249 26.249 
41.139 41.133 

268.50 10.740 

1%. 81 7 99249 
198.47 4.3388.3 

635 522 25.42088 
0.93 0.30 

1463.59 58.549 

10.930 1'3.003 
14.920 14.920 
2.00 0.083 

9.02107 13 17 

Blanketed Area 0.0 9.9 
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TABLE 111. MODEL DIMENSIORAL DATA (Continued) 
MODEL C O ~ P O N E " :  WING - (wl08) New l ightweight  o r b i t e r  
GENER.4L DZSCRIITION: 
Dihecre l  angle is  defined a t  t h e  lower sur face  of  t h e  wing a t  t h e  75.33 
percent element l i n e  projected i n t o  a plane perpendicular t o  the  FPL. 

Orbiter configurat ion per  l i n e s  VLV-009093. NOTE: 

MOD3L S C U :  9,340 DRAWING NO. : VLTO-009993 
Dl3fENSIONS : 
I V T G  DP.TA 
-eo.), ft2 

Planform 
span (Theo.), i n .  
,Aspect R a t i o  
Rate of Taper 
Taper Rat io  
Dihedral Anzle,, dezrees 
Incidence Anyle,  degrees 
Aerodynamic Twist, degrees 
Sweep 3ack Anzles, degrees 

Leadin3 Edge 
Trai1ir.g Edge 
0.2 j Elezent Line 

Root (Theo. ) B.P.O.O. 
Tip, (Theo.) B.P. 
MAC 
Fus. Sta .  of .25 MAC 

Chords : 

W.P. of .25 MAC 
B.L. o r  .25 MAC 

EXPOSED D.4TA 
Area ('i"neo. ), f i 2  
Span, (Theo.), i n .  BP108 
Amect R a t i o  

FULL SCALE 

2690.30 
936.68 
2.265 
1.177 
0.200 
3.500 
3.099 
'3.00 

45.030 

35 205, 
-10.24 

689.24 
137.85 

1136.89 

182.13 

474.81 

299.29 

1752 29 
720.68 
2.058 - 

Taper Rat io  3.2451 
Chords 

Root BP108 562.40 
Tip 1.00 b/2 137 85 
MAC 393 33 
Pus. Sta .  of .25 MAC 1185.3 1 
W.P. of .25 MAC 300.29 
B.L. of .25 MAC 143.76 

Root b/2 = 3.10 
Tip  b/2 = 3.12 

Planform b e a ,  r t 2  129.33 

A i r f o i l  Section (Iiockwell Mod NASA) xrcxX-64 

Data f o r  (I) of (2) Sides 
Leadins Ecze Cuff 

Leading E d ~ e  Intersects Fus M.L. Q S t a  
Lesdiny: Edee Intersects Wing @ S t a  

560.0 
1935.9 

26 

MOlEL s c m  

4.3049 
37 44729 
2.265 
1.177 
0.290 
3 590 
3 .ooo 
0.00 

45.030 

35 -299 

27.5676q 
5.51443 
1a.99240 
45.47560 
ll.gt;&:, 
7.28520 

2.89366 
28.82720 
2 a58 

-19.24 

(3.2451 

22.4960 
5.5140 
15.72120 
47.4124') 
12.0983 
5 75340 

I 

9.13 
9. I 2  

0 19253 
22.49 
41.49 



TABLE 111. MGCEL DDWISIGIaL U'TA (Continued) 

MODE'L CCBPONENT: 

GLXXRAL DSCRIPTION:  

VL77-0090l2 "B" and VL72-OOOO6l "C" body of revolution; data for 

SOUD ROCKET BOosTER - ( s6 )  

2A configuration Fer Rockwell lines: 

(1) of (2) sides. 

MODEL SCALE: 0.040 

D?XJIUG i W X R :  nn-090012 "B" 

DINEX31 ONS : FULL SCALIE 

Length - i n .  ( includes nozzle) 1741.9 

142.9 

Max (die. aft s k i r t  259.3 

Fineness Ratio L/D 6.722 

Area - ft 

Max Width (d ia . )  i n .  E?SM tank 

2 

Max Cross-Sectional 365 ' 87 

MODEL SCAU 

69.640 

5.680 

io. 369 

6.722 

9.58539 
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XODZL CCBPOhTAT: MTE- =-(TlO) 

GEn'S-XiL DESCRIPTION: Exte.mal oxygen hydrogen tank, 3 configuration, 

per  Rockwell lines VL78-009041 and m72-000088. 

XODEL SCALE: 9.740 

D&l;4IT:G h*J"€ER: VL72-090388, VL78-900041 

DDEXSIGNS : 

Length - i n .  (nose @ XT = 309) 

Max Width (dia.  ) - i n .  

Max Depth 

Fineness Ratj o 

Area - ft 2 

Max Cross-Sectional 

W.P. of tank center l iqe ,  (x,) i n .  

FULL SCAIJ3 

1865 

324 
-- 
5.75617 

572 555 

400.0 

MODEL SCALE 

74.60 

l2.969 

-- 
5 075617 

0.91639 

16.00 
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TRANSDUCER 
NO 

1 

2 

3 
4 
5 
6 
7 
8 
9 
19 

11 
12 

13 

14 
15 
16 
17 
18 
19 
29 

2 1  
22 

23 
24 

27 
26 

27 
28 

TABLE IV. ORBITER I N S m m O N  

Fu 
xo 
260 

330 
403 

500 
590 
509 

600 

1009 
1400 
300 

399 
429 

500 

630 
690 
1300 
1039 

_I_ 

1265 
1439 

46r! 

50', 
609 

1230 

2493 
1533 
490 

509 

697 

I SCAI 

yo 
0 

0 

0 

75 
0 

-75 
0 

9 

3 

9 

0 

15 

XO 

10.49 

13.20 
16.00 
20.00 

20.00 

20.00 

24.00 
40.00 

56.00 

12.00 

15.60 
16.80 

29.00 

24.00 
24.00 
49.00 
40.90 
50.60 
57 20 
18.40 

29.m 
26.40 
48.90 
56.00 
61.20 
16.00 

20.00 

24.00 

EL SCA 
Yo 

9 

3 

9 

3.90 

-3.09 
0 

0 
0 

0 
0 

0 

3.60 

9 

2.40 
0 

0 

2.40 
0 

1.00 
2.20 

2.49 
2.40 

2.40 
-- 
-- 
-- 
-- 
-- 

-q - 
-- FUS. bwer Surf .  

dow 

0.7 5 

-- ft Side  Win- 

s .  L.H. S i d e  
dow 

Pod Left S i d e  

I 

18.49 

19.20 

15.84 
15.84 
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TABLE TV. ORBImR INS-TION (Concluded) 

29 
39 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43 
44 
45 
46 
b7 
48 
49 
50 
5 1  
52 

53 
54 
55 

600 
j 1490 
~ 

. SCALE 
%I-%- 
-7-3- 

-- I396 
-- 1 330 

-- -- I;: 
-- 1 330 

I 335 
-- 345 

' 335 
3 19 

159 . -- 

-- 

-- 
-- 

250 -- 
250 -- 
25*3 -- 
250 -- 
350 -- 
-- 609 
-- 600 
-- 750 
-- 325 

3 10 

-- , 325 
-- 

I 

i 
I I 

_i 

M 
XO 

40.00 
40.00 
48.~0 
56.00 
16.00 
20.00 
32.00 
40.00 
48.00 
56.00 
40.90 
40.90 

: 48.00 
I 48.W 
1 54.00 
' 54.90 

48.00 
48.00 
54.00 
54.00 
54.30 
58.00 
62.00 
63.60 
24.00 
24.00 
56.00 

I 

I 

I 
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E 
ZO 

L5.84 
15.84 
L5.84 
L5.84 
~3.20 
13.20 

1.3.80 
L3.40 
L2.40 

13.40 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

24. 0C) 

24.00 

30.09 

13.90 
13.m 
12.40 

RBlARKs 
Fus. L.H. Side 
Fus. R.H. Side  
l31s.L.H. Side 

t 
W i n g  Upper Surf. 
W i n g  Lower S u r f .  

W i n g  Upper Surf .  
Wing Lower Surf .  
Wing Upper Surf .  
Wing Lower Surf .  
W i n g  Upper Surf. 
Wing Lower Surf .  
W i n g  Upper Surf .  
W i n g  Lower Surf. 
Wing Upper Surf. 
Vertical T a i l  

Fus. L.H. Side  
Fus. R.H. S ide  

t 



TABLE V. EXT- TANK INSTRUMEMTATION 

TWSWCER 
NO. 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
13 
74 
75 
76 
77 
78 
79 

-. 

FULL SCALE 

XT 

350 
720 
830 

1060 

949 
1060 
9u 
1060 
885 
885 
885 

940 

1000 
1000 
1DOO 

@35 
1060 
420 
1600 
2050 

YT 
0 

162 
162 
162 
162 

114.6 
114 . 6 
3 
0 
0 

114.6 
162 

0 
114.6 
162 

3 

9 
0 

162 
114.6 
- 

ZT 
-- 

400 

400 
490 

400 
514.6 
514.6 
562 
562 
542 
514.6 
400 

562 
514.6 
400 
238 
238 

499 
514.6 

-- 

MODEL SCALE 

XT 

14.09 
28.60 
33 929 
37.60 
42.40 
37 60 
42.40 
37.60 
42.40 
35.44 
35.b 
35.40 
40.00 
43.00 
49.00 

35.40 
42.40 
16.80 
64.00 
82.00 

YT 
0 
6.48 
6.48 
6.48 
6.48 
4.58 
4.58 
0 
0 
0 

4.58 
6.48 
0 
4.58 
6.48 
3 

0 
0 
6.48 
4.58 

0 

16.00 
16.00 
16.00 
16.0.3 
20.58 
20.58 
22.48 
22.48 
22.48 
20.58 
16.00 

20.58 
16.00 
9.52 
9.52 

16. DO 

20.58 

22.48 

-- 

- 
@ 

180 
90 
90 
90 
99 
135 
135 
180 
180 
180 
13 5 
90 
180 
13 5 
90 
0 
0 

180 
90 
13 5 

- 

- 
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TABLE VI* SRB INSTRUMENTATION 

270 

9 

0 

270 

270 

c 

Inboard 

Bottom 5 

i 

1 
Inboard 

TWSDUCER 
MQ . 

90 

Fu 
*S 

340 

439 

475 

1 7 6 ~  

1839 

b3O 

475 

1769 

1830 

13 12 

13 813 

13 Outboard 

M 
XS 

13.60 

16.00 

19.90 

70.40 

73 -20 

16.00 

19.00 

70.40 

73 -20 

52.48 

55.20 

55 020 

DEL SCA 

*S 

-- 
c) 

9 

-2.84 

-- 
0 

0 

0 

0 

0 

0 

2.84 

3 

ZS 

16.33 

13.16 

13.16 

16. r)O 

16.09 

18.84 

18.84 

18.84 

-- 
18.84 

18.84 

16.00 
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0.50 

0.60 
0.70 

0.80 

0.93 

0.95 
1.m 
1.05 
1.10 

1.15 
1.30 

1.50 
1.60 
1.70 
1. L% 
2.09 

2.13 

2.20 
2.59 
2.59 

1.40 

2.80 
3.00 
3.20 

3.40 
3.59 

3 19 
410 
505 
5 h  
620 
630 
640 
645 
650 
655 
455 
650 
635 
620 
605 
5m 
540 
520 
495 
415 
255 
302 

3 16 
321 
321 
320 

11 x 11 

1 
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h J-l 

a. Orbi te r  
Figure 1. Model layout. 
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b. Integrated Vehicle 
Figure 1. Concluded. 
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5 4  R r( d' d' 53 L M 

a. Orbiter Instrumentation - Top and Side  View 
Figure 2. Model sketches. 
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b. Orbiter I n a t r m m t a t i o n  - Bottom View 
Figure 2. Continued. 
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